A 75-year-old woman developed a moderately severe rash about a week and a half after the start of bortezomib (Btb)-based chemotherapy for IgG lambda multiple myeloma; at the time, she was also receiving acyclovir as antiviral prophylaxis in addition to herpes zoster (HZ) vaccination. HZ reactivation rate is high in Btb recipients; therefore, the timing of antiviral prevention is critical in relation to Btb. Attempts were made to identify the offending agent based on the timing of drugs administered and the appearance of skin lesions in relation to other drugs. Both Btb and acyclovir were potential culprits. However, the timing of rash presented on days 9 -10 revealed the offending agent when the corticosteroid was weaned off while acyclovir continued. A decision was made to administer acyclovir rapid desensitization program (RDP) for our patient.
Introduction
In a myeloma practice guideline for patients receiving bortezomib (Btb), antiviral prophylaxis should be considered in the prevention of herpes zoster (HZ) reactivation [1] . This was supported by the reduced viability of the T lymphocytes to proliferate when exposed to Btb [2] . The evidence is even more compelling in terms of reporting higher incidences of HZ when these patients with impaired cellular immunity received Btb in combination with dexamethasone than those taking dexamethasone as a single agent [3] . When the active prevention duration is prolonged over a median of 16 weeks, the incidence of HZ recurrence has been shown to decrease significantly [4] . The same was demonstrated in those receiving acyclovir prophylaxis up to 4 weeks after the last dose of chemotherapy [5] . When patients encountered infrequent hypersensitivity reactions to acyclovir, a selection of other alternative antiviral agents may be considered. After thorough assessment of our patient and weighing safety vs. toxicity to the potential antiviral list, it was clear that acyclovir remained the sound drug of choice. Given the limited experience, desensitization was the best means to safely re-introduce acyclovir back to our patient. To the best of our knowledge, we described the first tandem rapid desensitization program (RDP) performed to a myeloma patient receiving Btb-based therapy.
Case Report
We report a 75-year-old woman who looks younger than stated age, with a standing history of allergic reactions to penicillin and ibuprofen from which she developed a rash and angioedema, respectively. She was diagnosed with ER+, PR+ and HER2+ localized advanced breast cancer in 2008, and was successfully treated. She was well until the fall of 2014 when she presented with lytic bony metastases to her L2, L5, right acetabulum and right pelvic bone with cortical destruction. Over the course of the following year, her renal function gradually deteriorated while receiving radiation therapy to her bony lesions. Renal biopsy revealed light chain lambda cast nephropathy. Complete workup included a bone marrow aspirate and biopsy which confirmed the diagnosis of multiple myeloma. She initiated the first cycle of chemotherapy consisting of Btb (Velcade ® ) 1.3 mg/m 2 subcutaneously (SC) on days 1, 8, 15 and 22, melphalan 9 mg/m 2 orally on days 1 -4 and prednisone 100 mg orally on days 1 -4, with a subsequent 5-day taper. The cycle was repeated every 35 days. By this time, she had had day 1 and day 8 doses of Btb. Acyclovir orally 400 mg bid was concurrently given for shingles prophylaxis. The patient had also received a dose of HZ vaccine for added protection (unaware to the oncologist). About days 9 -10 of starting this regimen, she developed a very extensive purpuric itchy rash ( Figs. 1 and 2 ) involving > 50% of her body which began around her shin and spread quickly to her upper legs, abdomen, upper torso and shoulders. While the day 15 Btb was held, her rash worsened. On day 16, acyclovir was also put Acyclovir Desensitization in Myeloma Patient J Clin Med Res. 2017;9(8):725-728 on hold, and the rash began showing signs of improvement within the next few days. The rash was described as confluent maculopapular, erythematous, blanchable, slightly raised, and limited to the described areas. This was not associated with petechial lesions. Her platelets were within normal limits. She did not have fever, but the rash was pruritic. Other than her elevated serum creatinine (177 µmol/L), she was borderline anemic, normotensive, and afebrile and liver function tests were within normal limits. The skin lesions were highly suggestive of an adverse drug reaction. Pharmacy was consulted for probable acyclovir-induced rash and the decision to initiate RDP was made. About 4 h after completion of the acyclovir RDP on February 17, 2016, patient reported dryness and pruritus around her upper arms/shoulders areas. Moisturizing cream was applied without any effect. Diphenhydramine 50 mg orally × 1 was administered without resolution. By that time, her pruritic, erythematous rash with even distribution appeared over her shin and was spreading upward toward her abdomen. A dose of methylprednisolone was given and the rash subsided quickly within a few hours. She was given a second desensitization on February 25, 2016 a week after the initial desensitization, and a rash re-appeared again about 4 h after second RDP, but it was much less dramatic and resolved on its own without any intervention overnight. Patient was re-challenged with acyclovir 400 mg in the morning without incident, and discharged a few hours later. She remained on 400 mg twice a day without any side effects. The patient was not taking penicillin or ibuprofen before the occurrence of rash.
Discussion
We believe this was the first acyclovir RDP that was conducted successfully in two consecutive attempts in a multiple myeloma patient. Although Btb was thought to be the likely culprit for the rash, acyclovir was also probable, given the proximity of the drug administration times. To determine causality, we looked at the incidence of skin adverse reactions to both Btb and acyclovir. Adverse reactions reported on skin and SC tissue disorders (all grades, and grade ≥ 3) associated with SC vs. intravenous (IV) Btb were 35 (24%), and 4 (3%), vs. 13 (18%), and 0, respectively [6] . Other case reports have typically described cutaneous toxicity as localized reactions at the SC injection sites [7, 8] . In one report from 11 of 28 patients (39%), the SC site reactions were described as redness (5, 18%), rash (3, 11%), pain/tenderness (3, 11%), itching (2, 7%), and burning (1, 4%) [9] . Some of the skin eruptions occurred at each cycle of drug administration, and dissipated after treatment without systemic involvement, with lesions typically described as lymphocytic infiltration preventable with corticosteroids [10] . Skin toxicity or injection site reactions of ≥ grade 2 occurred more frequently in patients on the first cycle than the second cycle of Btb, and in a case subsided quickly with a dose of prednisone, and recurrent reaction was preventable with pre-dose steroid [11, 12] . Punch biopsy results describe these rashes as vasculitic in nature due to the release of pro-inflammatory cytokine, which is thought to be through the inhibition of the NF-kB versus an immunologically linked mechanism [7, 13] . The underlying mechanism has been proposed as an inflammatory response that may be caused by 1) delayed hypersensitivity, 2) cell-mediated immune responses, 3) vascular damage, and 4) direct toxic reaction by the proteasome inhibitor [14] . Similarly, in a comparative study of IV vs. SC Btb where patients received pre-dose steroids, no reaction was reported in the IV arm, whereas low grade localized, and self-limiting injection reactions were reported in the SC arm [3, 15] . Although redness is commonly reported (84/147, 57%) [6] , Btb SC seemed to be better tolerated than IV and associated with fewer overall adverse reactions [3, 16, 17] . Topical steroid can be a useful local remedy (up to grade 2 CTCAE 4) [11] . Our patient was receiving prednisone as part of the VMP (SC Velcade ® was given) regimen, and no apparent adverse reaction was reported during chemotherapy. A few days after Btb, during the steroid tapering, a localized mild redness was visible at the injection site around the abdomen from the first dose, of first cycle Btb injection. This was consistent with the aforementioned reports. Since the generalized maculopapular rash erupted at the end of the steroid cycle, the immediate re- sponse would be to hold further day 15 Btb dosing. However, the index of suspicion grew stronger towards acyclovir, because the patient was still on acyclovir at that time. When the rash gradually resolving days after the acyclovir was being put on hold, we felt quite confident that the skin lesion was most likely due to acyclovir. This may be explained by the fact that no visible rash occurred in our patient when prednisone was still in the system during the first 4 days of Btb, and the following few days of the steroid tapering effect. The rash only became apparent soon after at the end of steroid tapering. We made the conscious decision then to perform acyclovir desensitization not only because the patient needed continuous antiviral prophylaxis while receiving proteasome inhibitor treatments [1, 2, 4, 5, 12, [18] [19] [20] , but also having constant unnecessary steroid exposure was contraindicated. Acyclovir-associated hypersensitivity has been rarely described in immunocompromised patients, and to address the adverse reactions, RDP has been used with varying degrees of success [21] [22] [23] . Although a repeat desensitization may be warranted enabling patients to continue treatment, experience has been scarcely documented in myeloma.
Cancer patients such as ours who developed hypersensitivity reactions to acyclovir have limited alternatives. Valacyclovir, ganciclovir and famciclovir have 2-aminopurine as their core chemical structure, making cross-sensitivity likely [24] . Valacyclovir is the L-valyl ester of acyclovir, and when metabolized via hydroxylase enzyme system in the gut, is converted to high concentration of acyclovir [25] . Famciclovir as a prodrug is actively and efficiently biotransformed via double deacetylation to penciclovir a potent anti-HSV in the gut, liver and blood [26] . Bayrou et al [27] described a case where a patient had shown negative patch test after taking famciclovir but the results of the provocation test elicited a pruritic rash 12 h after ingestion for the first time. Based on this, famciclovir is also not likely a feasible option for our patient. Penciclovir is topical and not useful. Cidofovir has serious renal toxicity which is common and administered intravenously, therefore a poor choice for our ambulatory patient [28] . In addition to elevation of serum creatinine, ganciclovir-related reversible immunosuppression is well known, but is unsuitable for our patients undergoing maintenance chemotherapy [29] . While foscarnet may be another option, its renal toxicity and electrolyte disturbance potential are quite common, making it a none ideal candidate for our patient with deteriorating myeloma kidneys [29] . Given limited choices, we resort to acyclovir as an HZ prevention measure. The doses used varied from center to center [4, 20, 30] .
Conclusion
Although a full blown body rash by end of steroid tapering solicited a high degree of suspicion that acyclovir was the cause, the recurrence of rash after completion of the initial RDP confirmed that acyclovir was the inciting agent. We felt that it was appropriate to conduct RDP due to the lack of better alternatives for HZ prophylaxis. Our decision to re-administer the second RDP was made based on the recurrent rash that required medical intervention. Would the patient have done well upon a re-challenge with a full dose acyclovir without a repeated RDP? While the recurrence of rash after the second RDP was worrisome, it was mild and self-limiting. It was gratifying to see that our patient continued to be rash-free while being maintained on acyclovir 400 mg bid for HZ prophylaxis since RDP began in February 25, 2016. 
